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SECTION 1 

INTRODUCTION AND SUMMARY 

T h i s  f i n a l  r e p o r t  covers  t he  work performed under Tasks I ,  11, 111 

and IV on NASA/GSFC Con t rac t  NAS5-10187, Lightweight  S o l a r  Panel  

I n t e r c o n n e c t i o n s .  The o b j e c t  of t h i s  program was t o  develop t h e  b a s i c  

technology r e q u i r e d  t o  e l e c t r o f o r m  s i l v e r  o r  copper i n t e r c o n n e c t i o n s  

between commercially a v a i l a b l e  wraparound s i l i c o n  s o l a r  c e l l s  w i th  

s i l v e r - t i t a n i u m  s i n t e r e d  c o n t a c t s .  It i s  a n t i c i p a t e d  t h a t  when devel-  

oped f u l l y ,  t h e  e l ec t ro fo rming  technique cou ld  provide a h i g h l y  r e l i a b l e  

i n t e r c o n n e c t i o n  between s o l a r  c e l l s  and improve pane l  assembly tech-  

n iques .  To demonstrate t he  f e a s i b i l i t y  of t he  e l ec t ro fo rming  technique 

t h e  fo l lowing  was accomplished. 

0 Basic  Technology. - The required e l ec t ro fo rming  technology was 

e s t a b l i s h e d  inc lud ing  se tup  of the  e l ec t ro fo rming  equipment, 

e s t a b l i s h i n g  t h e  p l a t i n g  parameters,  developing mandrels and 

masking t o  r e l i a b l y  e l ec t ro fo rm s i l v e r  and copper t a b s  on s i n g l e  

s o l a r  ce l l s ,  and performing physical  and e l e c t r i c a l  tests on 

t h e s e  c e l l s .  

Two-Cell I n t e r c o n n e c t i o n s .  - Basic technology was e s t a b l i s h e d  t o  

develop i n t e r c o n n e c t i o n  between two s o l a r  c e l l s .  Development of 

mandrel and masking techniques f o r  two-cel l  i n t e r c o n n e c t i o n s  and 

t e s t i n g  of t h e  in t e rconnec t ions  were included under t h i s  t a s k .  

0 Four-Cell  Modules. - The two-cell i n t e r c o n n e c t i o n  t echn iques  were 

extended t o  a f o u r - c e l l  module, i nc lud ing  f a b r i c a t i o n  o f  s e v e r a l  

f o u r - c e l l  modules f o r  eva lua t ion  by EOS and NASA/GSFC. 
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0 Assembly and Development Techniques. - This  included a n a l y s i s  and 

experimental  v e r i f i c a t i o n  of s o l a r  c e l l  assembly and replacement 

techniques.  

Bas i c  e l ec t ro fo rming  techniques have been developed which have r e s u l t e d  

i n  a t tachment  of a s i l v e r  i n t e rconnec t ion  t o  s i n g l e  12.5-mil wrap- 

around o r  convent ional  s o l a r  c e l l s ,  between two s o l a r  c e l l s ,  and between 

fou r  s o l a r  c e l l s .  These in t e rconnec t ions  have passed N-Contact p u l l  

and thermal shock t e s t s  (see Subsections 2.1.5.2 and 2.1.5.3).  The only 

n o t i c e a b l e  e f f e c t  t he  electroforming process  has  on the  c e l l  i s  an e t ch -  

i ng  of t he  s i l i c o n  monoxide su r face  l a y e r .  This  should be e l i m i n a t e d  

when the  proper combination of s e a l i n g  technique and material i s  found 

f o r  t he  s i l v e r  cyanide electroforming ba th .  Attempts t o  e l e c t r o f o r m  

copper t a b s  on t h e  s o l a r  cel ls  have proved unsuccess fu l ;  i n  view of t h e  

s u c c e s s f u l  r e s u l t s  w i th  s i l v e r  f u r t h e r  experiments w i th  copper a r e  n o t  

recommended. 

The s o l a r  ce l l s  used f o r  f e a s i b i l i t y  s t u d i e s  were 2 x 2 c m  N/P s i l i c o n  

s o l a r  cells ,  u s i n g  s i n t e r e d  Ti-Ag con tac t s .  

t o  m e e t  any d e f i n i t e  e lec t r ica l  s p e c i f i c a t i o n s  and were measured be fo re  

and a f t e r  processing ( see  Subsection 2.1.5.1).  Each c e l l  w a s  s u b j e c t e d  

t o  a s t a n d a r d  Scotch tape tes t .  I n  o r d e r  t o  s u c c e s s f u l l y  e l e c t r o f o r m ,  

each c e l l  w a s  ground s o  t h a t  the "p ic tu re  frame" on the  P c o n t a c t  w a s  5 

m i l s  o r  less on one s i d e .  

The ce l l s  were no t  r e q u i r e d  

Each ce l l  had a s i l i c o n  monoxide coa t ing .  

The program was concluded with de l ive ry  t o  NASA/GSFC of 4 f o u r - c e l l  

modules and 10 s i n g l e - c e l l  modules. 

7088-F i n a l  2 



SECTT.ON 2 

TECHNICAL DISCUSSION 

2 . 1  SILVER ELECTROFORMING 

A s i l v e r  e lec t roforming  process  l i n e  w a s  s e t  up as shown i n  F ig .  1. 

The e lec t roforming  p rocess  c o n s i s t s  of  t hese  b a s i s  s t e p s :  

A c t i v a t i n g  t h e  s i n t e r e d  s i l v e r - t i t a n i u m  c o n t a c t s  of  t h e  c e l l s  

S i l v e r  s t r i k i n g  t o  o b t a i n  b e t t e r  adhes ion  t o  the  s o l a r  c e l l  
con t  ac  t 

S i l v e r  e lec t r o f  orming 

Each of the s o l u t i o n s  used was prepared p e r  t h e  manufac turer ' s  recomnen- 

d a t i o n s  ( included as Appendix I ) .  Electroforming of copper t a b s  was 

a t tempted  us ing  a n  e x i s t i n g  EOS copper pyrophosphate e lec t roforming  

b a t h  shown i n  F ig .  2.  

2.1.1 ELECTROFORMING PARAMETERS 

The e lec t roforming  p rocess  is  a f f e c t e d  by several  v a r i a b l e s  which must 

be f i x e d  f o r  each s p e c i f i c  a p p l i c a t i o n .  Once t h e s e  parameters  are 

f i x e d  they can be c l o s e l y  maintained t o  i n s u r e  the  q u a l i t y  of t h e  

d e p o s i t e d  material  i s  maintained. The fol lowing parameters  were 

i n v e s t i g a t e d  by making s e v e r a l  t es t  p l a t i n g s  : 

Bath composition 

O PH 
Current  d e n s i t y  

P l a t i n g  temperature 
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Figure 1. Silver Electroforming Setup 

7088- F i na 1 

106689. 

4 



I 
1 

Figure 2. Copper Electroforming Bath 
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The f i n a l  combination of parameters as e s t a b l i s h e d  f o r  t he  s i l v e r  and 

copper e l ec t ro fo rming  ba ths  i s  shown i n  Table I .  

TABLE I 

Ag AND Cu BATH PARAMETERS 

Parameter S i l v e r  Bath Copper Bath 

Bath composition M&T Chemicals M&T Chemicals 
Spec (P-Ag-SL) Spec (P-Cu- lox) 
11 t o  1 2 . 5  8.25 t o  8.5 PH 

Curren t  d e n s i t y  10 A / f t 2  8-12 A / f t 2  

Temperature 100- 1 10°F 120-135OF 

2.1.2 PHYSICAL PROPERTIES 

The p h y s i c a l  p r o p e r t i e s  of t h e  electroformed s i l v e r  and copper were 

e s t a b l i s h e d  by e lec t roforming  4-mil pane ls  from which t e n s i l e  specimens 

were c u t .  Five t e n s i l e  specimens were prepared from each panel  as 

shown i n  F ig .  3.  The average t e n s i l e  t e s t  r e s u l t s  a r e  t abu la t ed  i n  

Table 11. 

TABLE I1 

TENSILE TEST RESULTS FOR A g  AND Cu 

Proper ty  S i l v e r  Copper 

U l t i m a t e  t e n s i l e  s t r e n g t h ,  KSi S u l t  30,520 p s i  S u l t  55,280 p s i  

Yie ld  s t r e n g t h  
(0.2% o f f s e t )  KSi 

Syd 24,940 p s i  Syd 36,740 p s i  

e 17.0% e 14.2% 6 Elast ic  modulus 10 p s i  

Ul t imate  e longa t ion  E 8 .3  x 10 p s i  E 12.0 x 10 p s i  
( l - i n c h  gage length)  

6 6 
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The minimum r e q u i r e d  t e n s i l e  s t r e n g t h  was e s t a b l i s h e d  using a minimum 

t a b  th i ckness  of 3 m i l s  and a width of 0.050 inch .  Based on maximum 

load requirement of 800 grams and a s a f e t y  f a c t o r  of 1 . 5 ,  the minimum 

r e q u i r e d  u l t i m a t e  t e n s i l e  s t r e n g t h  i s  18,000 p s i .  Both the copper 

and s i l v e r  met t hese  minimum requirements .  

2 . 1 . 3  MANDRELS AND MASKING 

The b a s i c  requirement o f  the e l ec t ro fo rming  p rocess  w a s  t o  e l e c t r o -  

form an  adhe ren t  t a b  t o  the  s o l a r  c e l l .  The major problem i s  o b t a i n i n g  

a cont inuous electroformed l a y e r  a c r o s s  the  j o i n t  between the c e l l  

and the mandrel which d e f i n e s  the  shape of t he  t a b .  Prel iminary 

experiments  a t t empt ing  t o  e l ec t ro fo rm copper t a b s  us ing  RTV and 

pheno l i c  mandrels were no t  s u c c e s s f u l .  The copper would no t  p l a t e  

a c r o s s  the gap between the c e l l  and t h e  mandrel. 

A d d i t i o n a l  s t u d i e s  were made t o  e s t a b l i s h  what gap width could be 

s u c c e s s f u l l y  bridged by electroforming.  The r e s u l t s  i n d i c a t e d  t h a t  

s i l v e r  p l a t e s  a c r o s s  gaps somewhat b e t t e r  t h a n  copper.  A 10-mil gap 

was bridged wi th  the electroformed s i lver .  

I n  o r d e r  t o  minimize the  gap between t h e  s o l a r  c e l l  and the mandrel,  

a combination s t a i n l e s s  s t e e l - p h e n o l i c  mandrel w a s  f a b r i c a t e d .  A 
c r o s s  s e c t i o n  of the mandrel i s  shown i n  Fig.  4 .  The s t a i n l e s s  s t e e l  

t a b  mandrel i s  placed a g a i n s t  t h e  edge of t h e  s o l a r  c e l l ,  g iv ing  a 

gap of approximately 0 .5  m i l .  The cover and RTV s e a l  l i m i t  the 

p l a t i n g  t o  t h e  r e q u i r e d  s u r f a c e s .  This mandrel concept  s u c e s s f u l l y  

e l ec t ro fo rmed  s e v e r a l  s i l v e r  t a b s  on s i n g l e  wraparound c e l l s .  

2 .1 .4  ELECTROFORMED TABS 

Attempts were made t o  e l ec t ro fo rm s i l v e r  and copper t a b s  us ing  the  

mandrel and masking cover desc r ibed  i n  F i g .  4. The s i l v e r  
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MANDREL 
( S T  AINLESS S T E  E l  ) 

Figure 4 .  S i n g l e - c e l l  P l a t i n g  Mandrel Concept 
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e lec t ro fo rmed  t a b s  were s u c c e s s f u l ;  as shown i n  F ig .  5 ,  a cont inuous 

j o i n t  w a s  ob ta ined  over  t h e  gap between the mandrel and t h e  s o l a r  c e l l .  

Adhesion t o  the  s o l a r  c e l l  w a s  good; ( see  Subsec t ion  2 .1 .5 .2 ) .  The 

d i f f e r e n c e  i n  h e i g h t  between the  c e l l  and t h e  t a b  w a s  caused by a s l i g h t  

d i f f e r e n c e  i n  h e i g h t  between the  c e l l  s u r f a c e  and t h e  mandrel s u r f a c e .  

This  w a s  c o r r e c t e d  by machining the t a b  mandrel.  (See photo of  F ig .  6 . )  

Attempts  t o  e l ec t ro fo rm a copper tab onto  t h e  c e l l  a g a i n  f a i l e d ;  i n  

view o f  t he  s u c c e s s f u l  r e s u l t s  ob ta ined  w i t h  s i l v e r ,  f u r t h e r  expe r i -  

ments w i t h  copper were abandoned. A t y p i c a l  wraparound s o l a r  c e l l  

w i t h  t h e  e lec t roformed t a b  i s  shown i n  F ig .  7 .  

$e e l ec t ro fo rming  process  produces a n  e x c e l l e n t  t ab  on the  s o l a r  c e l l ,  

and c e l l  performance changes appear  t o  be minor.  The s i l i c o n  monoxide 

s u r f a c e  l a y e r  of  t h e  c e l l  w a s  e tched somewhat c u r i n g  the  p rocess .  

This i s  l i k e l y  a s e a l i n g  problem which can be e l imina ted  when the  

proper  combination of s e a l i n g  technique and m a t e r i a l  i s  found f o r  the  

s i  l v e r  cyanide  b a t h  . 

2.1 .5  CELL TESTING 

2.1 .5 .1  E l e c t r i c a l  Tes t s  

Standard t e s t  c o n d i t i o n s  were used fo r  e l ec t r i ca l  t e s t i n g  of s o l a r  cel ls .  

These c o n s i s t  of i l l u m i n a t i n g  the  ce l l  u s ing  a tungs ten  l i g h t  source 

w i t h  a n  equ iva len t  s o l a r  i n t e n s i t y  of 100 mW/cm 

o f  2800OK. 

area o f  the ce l l .  The e lec t r ica l  performance t e s t  f i x t u r e  temperature  

i s  main ta ined  a t  28 ( e ) O C  by us ing  a c o n t r o l l e d  temperature  water ba th .  

The c e l l  c u r r e n t  outp.ut i s  measured a t  0.445V. 

2 and a c o l o r  temperature  

The uni formi ty  of l i g h t  i n t e n s i t y  i s  w i t h i n  *1% over  t h e  

F igu re  7 i s  a photograph showing a t y p i c a l  wraparound c e l l  as w e l l  as 

a c e l l  o f  t he  convent iona l  type.  Five wraparound c e l l s  and f i v e  

7 0 8 8 - F i na 1 10  



Figure  5. Photomicrograph of S o l a r  
C e l l  and. Tab 

F i g u r e  6 .  Photomicrograph of  S i l v e r  
E lec  t r o  formed Tab 
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F i g u r e  7. Photo Showing T y p i c a l  Wraparound and Conventional 
Cells w i t h  Electroformed Tabs 
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conven t iona l  c e l l s  were e l e c t r i c a l l y  measured b e f o r e  and a f t e r  t h e  

e l ec t ro fo rming  p rocess .  The c e l l  performance changes are minor;  t h e  

r e s u l t s  are l i s t e d  i n  Table 111. The apparent  i n c r e a s e  i n  ou tpu t  of 

some ce l l s  is  as y e t  unexplained,  bu t  i s  roughly w i t h i n  experimental  e r r o r .  

TABLE I11 

CURRENT READINGS OF CELLS 
BEFORE AND AFTER ELECTROFORMING 

C e l l  

1 Wraparound 

2 

3 
4 

5 
1 Conventional 

2 

3 

4 

5 

P r e e l e c t r o f  orm P o s t e l e c t r o f o r m  
Current Cur r e n t  

9 8  

9 4  

95 

99 

95 

94 

9 7  

97 

95 

95  

Cells were t e s t e d  a t  a cons tan t  p o t e n t i a l  of 0.44W 

2.1.5.2 P h y s i c a l  Tests - N Contact  S t r e n g t h  T e s t  

9 7  

9 4  

9 5  

9 7  

9 7  

9 5  

9 8  

9 8  

9 7  

9 5  

The test  o b j e c t i v e  w a s  t o  determine the N c o n t a c t  adhesion s t r e n g t h  a f t e r  

e l ec t ro fo rming .  A s o l i d  wire was soldered t o  t h e  s i l v e r  t a b  and i n c r e -  

ments of weight were added t o  the wire while  t h e  c e l l  w a s  h e l d  i n  a f i x e d  

p o s i t i o n .  

grams wi thou t  f a i l u r e ,  Cells were not t e s t e d  t o  d e s t r u c t i o n .  Tests were 

accomplished immediately a f t e r  e lectroforming.  

On 10 cells,  the c o n t a c t  supported a t o t a l  weight of 1200 

7088-Final 13 



2.1.5.3 Thermal Shock Test 

The thermal  shock t e s t  was performed t o  determine the  a b i l i t y  of t he  

new c e l l  w i th  electroformed silver c o n t a c t s  t o  wi ths t and  sudden temper-  

a t u r e  changes. The t e s t  was performed by immersing the  c e l l s  i n t o  

l i q u i d  n i t r o g e n  (LN') f o r  10 seconds then  i m e d i a t e l y  d ipp ing  them i n t o  

b o i l i n g  d i s t i l l e d  water  f o r  10 seconds. (Th i s  c o n s t i t u t e d  one cyc le  

of t h e  t es t . )  One s i n g l e - c e l l  and one two-cel l  module were sub jec t ed  

t o  t h e  above t e s t s .  

t he  second thermal shock cycle;  con tac t  s e p a r a t i o n  d i d  n o t  occur ,  how- 

e v e r .  The f r a c t u r e s  were on a hypotenuse a c r o s s  the co rne r  oppos i t e  t he  

e l ec t ro fo rmed  c o n t a c t .  Cause of f r a c t u r e  i s  unknown b u t  i t  i s  suspec ted  

t h a t  rough handl ing introduced i n c i p i e n t  c r acks  which became appa ren t  

upon thermal  shock. 

2 

I n  a l l  c a s e s  the c e l l  broke a f t e r  completion of 

2.2 TWO-CELL INTERCONNECTIONS 

Based on t h e  s i l v e r  e l ec t ro fo rming  technology developed under Task I ,  

a mandrel was designed and f a b r i c a t e d  t o  e l e c t r o f o r m  a two-cel l  i n t e r -  

connect ion.  The b a s i c  concept  is  shown i n  F i g .  8. S p e c i a l  c e l l s  wi th  

minimum edge frames were mounted on the s t a i n l e s s  steel i n t e r c o n n e c t i o n  

mandrel. 

ima te ly  30 m i l s  a p a r t .  Three in t e rconnec t ions  (0.050 x 0.004 inch) a r e  

then  electroformed between t h e  ce l l s .  

The pheno l i c  ends and cover hold t h e  c e l l s  i n  p l a c e  approx- 

S e v e r a l  two-cel l  i n t e r c o n n e c t i o n s  (Fig. 9) were e l ec t ro fo rmed  u s i n g  t h e  

two-cel l  mandrel. Again, good adherent i n t e r c o n n e c t i o n s  were ob ta ined  

a s  wi th  t h e  t a b s  on s i n g l e  cel ls .  Physical  and e l e c t r i c a l  tests showed 

t h e  c e l l s  t o  be working p rope r ly ,  but t h e  s i l i c o n  monoxide s u r f a c e  

l a y e r  was s t i l l  be ing  e t ched .  A t t e m p t s  were made t o  p recoa t  t he  cel ls  

wi th  Kodak meta l  e t c h  resist (KMEK) and Minnesota Mining and Mfg. s e a l  

c o a t  EC 2253 t o  prevent  the e t c h i n g  of t he  s i l i c o n  monoxide l a y e r .  

7088-F ina  1 14 
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Both c o a t i n g s  decreased t h e  e t ch ing  b u t  were n o t  f u l l y  e f f e c t i v e .  

S t u d i e s  were made t o  f i n d  a proper combination of m a t e r i a l s  and mask- 

ings  t o  prevent  the e t c h i n g ;  however, no conc lus ive  r e s u l t s  were 

o b t a i n e d .  

2.3 FOUR-CELL T.NTERCONNECT1ONS 

This  t a s k  extended t h e  formerly developed techniques and p rocesses  t o  

f a b r i c a t e  f o u r - c e l l  i n t e rconnec t ions .  

Design and f a b r i c a t i o n  of t h e  f o u r - c e l l  mandrel w a s  based on t h e  one- 

c e l l  and two-cel l  mandrel development s tudy .  The mandrels used f o r  

o n e - c e l l ,  two-ce l l ,  and f o u r - c e l l  module assembly are shown i n  t h e  

photographs of Figs .  10,  11, and 1 2 .  The d e t a i l e d  des ign  l ayou t  i s  

g iven  i n  Figs .  13, 14,  and 15. A sketch of t h e  f o u r - c e l l  submodule 

i s  shown i n  Fig.  16. This  des ign  was s e l e c t e d  as it r e a d i l y  lended 

i t s e l f  t o  ex tens ion  t o  submodules of l a r g e r  s i z e .  

The mandrel w a s  f a b r i c a t e d  by machining s t a i n i e s s  s tee l  c e n t e r  and 

end p i e c e s ,  l eav ing  a r a i s e d  p l a t i n g  s u r f a c e  a t  t h e  l o c a t i o n  of t h e  

in t e rconnec t ions .  An epoxy c o a t i n g  was then  c a s t  over  t h e  e n t i r e  

mandrel s u r f a c e .  The epoxy w a s  then m i l l e d  j u s t  t h e  t h i c k n e s s  of 

t h e  cel ls  below t h e  r a i s e d  s t a i n l e s s  p l a t i n g  s u r f a c e s .  This  l e f t  a 

s u r f a c e  t h a t  w a s  nonconductive a t  a l l  p o i n t s  except  where t h e  i n t e r -  

connect ions were requ i r ed .  A phenolic-RTV masking cover w a s  t hen  

f a b r i c a t e d  t o  l i m i t  t h e  e lectroforming t o  t h e  d e s i r e d  areas on t h e  

s u r f a c e  of t h e  cell .  Electrical  leads were c a s t  i n t o  t h e  cover t o  

make c o n t a c t  w i t h  each s o l a r  ce l l  t o  i n s u r e  t h a t  t h e  p l a t i n g  c u r r e n t  

would b e  f e d  i n t o  each cel l .  This  i s  r e q u i r e d  so t h a t  t h e  e l e c t r o -  

formed s i lver  can grow from each s u r f a c e  and minimize t h e  e f f e c t s  

of gaps. 
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Figure 10. Single-cell Plating Mandrel, Assembled and Disassembled 
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Figure 11. Two-Cell Plating Mandrel, Assembled and Disassembled 

7088-Final 19 

ES 3674 
ES 3675 



Figure 12. Four-Cell Plating Mandrel, Assembled and Disassembled 
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WRAPAROUND SOLAR CELL(4) 
....... 

ELECTROFORMED SILVER 
INTE RCONN EC TOR 

P CONTACT AREA 

N CONTACT STRIP 

REAR ViEW 

Figure 16. Electroformed Four-Cell Interconnection 
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S e v e r a l  a d d i t i o n a l  holddown screws were added t o  t h e  cover  t o  i n c r e a s e  

t h e  s e a l i n g  p r e s s u r e  and minimize leakage which etched t h e  two-cel l  

modules. 

S e v e r a l  c e l l s  having " p i c t u r e  frames'' of less than  5 m i l s  i n  width 

were s e l e c t e d  f o r  t h e  i n i t i a l  p l a t i n g s .  The c e l l s  were cleaned and 

electroformed.  The in t e rconnec t ions  were made s u c c e s s f u l l y .  However, 

when t h e  module w a s  being removed from t h e  mandrel,  t h e  i n t e r c o n n e c t i o n s  

s e p a r a t e d  from t h e  c e l l s .  Close examination r evea led  t h a t  t h e  s i n t e r e d  

s i l v e r - t i t a n i u m  c o n t a c t  had separated from t h e  c e l l  and remained 

a t t a c h e d  t o  t h e  electroformed s i l v e r .  The remaining c e l l s  were tape- 

t e s t e d  t o  e v a l u a t e  t h e  adhesion of t h e  s i n t e r e d  c o n t a c t  t o  t h e  c e l l .  

The c o n t a c t s  p u l l e d  o f f  a l l  c e l l s  except two. These c e l l s  were then  

set up i n  t h e  two-cel l  mandrel and in t e rconnec ted  s u c e s s f u l l y .  

Add i t iona l  ce l l s  without  t h e  p i c t u r e  frame could not  be ob ta ined  w i t h i n  

a r easonab le  l e n g t h  of t i m e ,  s o  i t  was decided t o  s e l e c t  s e v e r a l  

r e g u l a r  ce l l s  and l a p  o f f  t h e  window on one end. 

lapped and s u b j e c t e d  t o  t h e  t a p e  t e s t .  Those t h a t  passed t h e  t a p e  

test w e r e  measured and arranged i n  groups of f o u r ,  on t h e  b a s i s  of 

s i z e  t o  minimize gapping. 

Seve ra l  c e l l s  were 

Subsequent e l ec t ro fo rming  of t h e s e  c e l l s  proved s u c c e s s f u l  and 4 four-  

c e l l  modules w e r e  e lectroformed.  The adhesion of t h e  in t e rconnec t ions  

t o  t h e  c e l l  w a s  adequate  bu t  t h e  s u r f a c e  of t h e  ce l l s  w a s  s t i l l . s o m e -  

what e tched.  

2.4 MULTICELL ELECTROFORMING CONCLUSIONS 

Success fu l  a p p l i c a t i o n  of m u l t i c e l l  techniques i n  f a b r i c a t i o n  of t h e  

f o u r - c e l l  modules c l e a r l y  demonstrates t h a t  i n t e r c o n n e c t i o n s  can  b e  

made between s o l a r  c e l l s  by t h e  e l ec t ro fo rming  p rocess .  

s p e c i f i c a t i o n  by which t h e s e  c e l l s  were in t e rconnec ted  i s  p resen ted  

i n  Appendix 11. 

The p rocess  
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2 . 4 . 1  CELL QUALITY REQUIREMENTS 

Success fu l  i n t e rconnec t ion  of t h e  s o l a r  c e l l s  by electroformed c o n t a c t s  

r e q u i r e d  t h a t  t h e  c e l l s  have t h e  following s p e c i a l  c h a r a c t e r i s t i c s :  

0 

0 

0 

0 

2 . 4 . 2  

The wraparound c e l l  design al lows t h e  N and P connect ions t o  
be made on t h e  same s i d e  of t h e  c e l l ;  t h i s  g r e a t l y  s i m p l i f i e s  
t h e  e l ec t ro fo rming  mandrel and masking design.  

The p i c t u r e  frame around t h e  c e l l  m u s t  be  no g r e a t e r  t h a n  
5 m i l s  i n  width.  The electroformed s i l v e r  w i l l  no t  grow 
ac ross  nonconductive s u r f a c e s  g r e a t e r  t han  5 m i l s .  

C e l l  dimensions should be maintained as c l o s e  as p o s s i b l e  
t o  some given norm. Var i a t ions  i n  l eng th  and width al low 
t h e  c e l l s  t o  m i s a l i n e  when mounted i n  rows o r  columns f o r  
e l ec t ro fo rming .  Cell  t o l e r a n c e s  of k0.002 inch appear 
r easonab le ;  however, most c e l l s  a r e  ordered t o  *0.005 i nch  
t o l e r a n c e s  a t  p re sen t  and t h e  inc reased  c o s t  must be inves- 
t i g a t e d .  

Adherence of t h e  s i n t e r e d  s i l v e r - t i t a n i u m  c o n t a c t  t o  t h e  c e l l  
must be c a r e f u l l y  c o n t r o l l e d .  Most of t h e  f a i l u r e s  encoun- 
t e r e d  i n  t h e  i n i t i a l  phases of t h e  development program have 
occurred when t h e  s i n t e r e d  s i l v e r - t i t a n i u m  s e p a r a t e d  from 
t h e  c e l l  a f t e r  t h e  electroforming p rocess .  Adhesion of t h e  
electroformed s i l v e r  t o  the s i n t e r e d  c o n t a c t  was g e n e t a l l y  
good. 

ACTIVATION OF CELLS 

To o b t a i n  good adhesion between t h e  electroformed s i l v e r  and s i n t e r e d  

s i l v e r - t i t a n i u m  c o n t a c t ,  t h e  pas s ive  s u r f a c e  l a y e r  on t h e  c e l l  must 

be removed by a c t i v a t i o n .  This process i s  c u r r e n t l y  being performed 

b e f o r e  t h e  c e l l s  are mounted i n  t h e  e l ec t ro fo rming  f i x t u r e .  This  

p reven t s  t h e  s t a i n l e s s  s teel  mandrel from being a c t i v a t e d  a long  w i t h  

t h e  c e l l  and t h e  s i l v e r  adhering t o  t h e  mandrel. Add i t iona l  mandrel 

materials should be eva lua ted  t o  f ind  a material  which would al low 

t h e  c e l l s  t o  b e  a c t i v a t e d  i n  t h e  f i x t u r e  wh i l e  s t i l l  not a c t i v a t i n g  

t h e  mandrel su r f ace .  
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2 . 4 . 3  MANDREL DESIGN REQUIREMENTS 

The i n i t i a l  program d e f i n i t e l y  e s t a b l i s h e d  t h a t  success  of t he  e l e c t r o -  

formed t a b s  depends upon a c c u r a t e  mandrel des ign  and f a b r i c a t i o n .  

The mandrel must be designed t o  have some adjustment t o  a l low f o r  

v a r i a t i o n s  between c e l l  dimensions s o  t h a t  gaps and misalinements 

can b e  minimized. Before product ion t o o l i n g  can be f a b r i c a t e d ,  

s e v e r a l  mandrel and masking materials should be eva lua ted  t o  d e t e r -  

mine which have t h e  most d e s i r a b l e  p r o p e r t i e s  f o r  t h e  s i l v e r  e l e c t r o -  

forming ba th .  

C a r e f u l  i n t e g r a t i o n  of design and m a t e r i a l  s e l e c t i o n  should produce a 

workable product ion p rocess  f o r  r e l i a b l y  producing in t e rconnec ted  sub- 

modu 1 es . 
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SILVER-LUME' BRIGHT SILVER PLATING PROCESSt 
A practical process for dcbositirig a truly bright 

ailvet dircctly from the solution has been the goal of 
riIvcr platers for many years. The Silver.Lume process is 
thc brst practical solution developed for producing bril- 
lirnt and mirror-like deposits, eliminating in many cues 
Any need for buffing aftcr plating. .. . 

ADVANTAGES 

1. 
2. 
3. 

4. 
5. 
6. 
7. 
8. 

9. 
i 0. 
11. 
12. 
13. 
14. 

Brilliant deposits 
Increased tarnish resistance 
Increase in hardness of deposit means greater 
wcar resistance (SS V H N  for regular silver va. 
110 V H N  for the Silver-Lume ,deposit) 
High curren;densities possible I - 
Wide Current density range 
Non-critical operation and control 
Economical bath operation . 
No accumulation of deleterious biightcncr de. 
composition products 
Reduction of finishing cost up  to &A 
Pure silver deposits-not an alloy.' 
High electrical conductivity 
Increased adhesion of deposit 
Exceptional throwing and covering power 
Increased protection against corrosion of base 
metal 

SOLUTION PREPARATION 
The recommended solution composition is as fool. 

lows : 
wgrt. lbY/raa gal. -. 

Silver cyanide .6.0 * - - -  37.5 
flotanium cyanide 15.0 94.0 

Silver-Lume Brightener A 0.32 2.0 

.. . 
Potasshm catsonate 3.0 . 18.75 

Silver-Lume Brightcrier B 0.25% b7 vol, 1 quart 

*Trademark of M&T Chemicals Snc. 
tus. Patent No. 2,666,730 

After the bath has been prepared, the analysis Of 
the bath should show the following concentrations: 

OZ/@. - 
Silver metal 5.0 - 
Potassium carbonate 3.0 to 10.0 

The solution may be prepared either in the plating 
tank or, preferably, in an auxiliary tank of suitable size. 
Place I n  amount of water in the make-up tank equal 
to about half the final solution volume and dis!olve in 
this the calculated amounts of potassium cyanide and 
potassium carbonate. When these constituents are com- 
pletely dissolved, add the silver cyanide slowly with 
constant stirring to insure complete solution. 

The two pounds of Silver-Lume Brightener A re- 
quired to prepare 100 gallons of solution m net dd 
directly ce cbr bdb but ire prepared by stirring with 2 
gallons of water containing 21 ounces of potassium hg. 
droxide. Stir well and, if possible, allow the brightener 
solution to stand overnight before adding i t  to the 
plating solution. Add brightener through filter o r  anode 
bag. 

Silver-Lume Brightener B, a liquid, mixes readily 
with the plating solution and may be added directly to 
the bath. 

Tordcology-Industrial Hygiene 
AS with a11 materials containing cyanides, which 

may cause systemic effects if taken internally in addition 
to eye and skin irritation, it is necessary to prevent IC- 
cidcntal swallowing, contact with eyes, skin, and doth-  
ing. Also, these solids or their solutions are absorbed 
through the skin and can cause skin burns because of 
hydrolysis to d k d i a .  

If these materials are accidentally allowed to come 
in contact with acids, poisonous gases may be liberated. 
"letefore, if this possibility exists, workmen should bc 
provided with and instructed to use approved gas 
masks for hydrocyanic acid gas. 

(over) 

Free potassium cyanide 12.0 

H AN SON .VAN W 1 N K L E - M U N N I NG Dl VIS I ON 

NI&'r' CKESWCALS BNC. 
GENERAL OFflCES: RAWNAY, NEW JERSEY 07065 

c w i i r  by MGT owmkoi~ iwl-t% 

Olllrr Drive, N. 1.. Attonto, Go. 30324 - 6121 N. tiston Avrnue, Chleogo. III.*CO646 - 2052s Cenlrr  Rldw Prod. Clrvclond. Ohtr 44116 - 2264 Ventope Street. Dolloc, T e ~ o c  
75207 - 20820 Crcrnflel4 Rood, Ditrol?. Mith. 41237 - 631 Chestnut Slrret. 1. W.. t fond  
Ropidq Mlth. 49S02 - I Winnorood Rood, Wynnrrood, Pe. 19096 1721 Weshlnpton 
Rood. Plttlburfh. Po. 1S241 - 2818 LaSollr S t m t ,  St. Louls, MI. . ;4 - tubtidiorirc: 
Alrrt Supplv Ce., 7341 Poromount Irulrrord, Pice Rirrro. Collf. 90660 - MDT Prrductr et 
Canado, Ltd., 8.1 111, Stailon "C", nomilton, Ontorlo, CanaC. 
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SutJrJcs!Cd Fir:,! ?.!d 
I f  a m # ! (  n t ~ ! I y  swi!!owcd, irnmediatcly consult a 

iliycician on IIW nf a m y l  nitrite capsulcs or p a r t s  and 
yanidc antido:c. 

In tllc cvcnt of inhalation of gas from accidental 
reaction of material with acid, ranove to a non-contmi. 
natcd arca and itnmcdiatcly consult a physicion on use 
of amyl nitrite capsules or pearls. 

In the case of eye contact, thoroughhly wash out eyes 
with a continuously flowing stream of water directed 
into the y c s  for at least 15 minutes. Consult 1 physician. 

Skin exposure should be followed by a thorough 
rinsing with water. 

1 

SOLUTION PURIFICATION 
As with all bri iht  plating ,solutions, care should 

be taken to work with materials and equipment of 
good quality. All tanks and quipment coming in contact 
with thc bright silver solution should be cleaned well 
before use. 

After making up the solution as des ribcd. it 
should be allowed to stand for a day or two before 
finally filtering it into the plating tank. This will .&sure 
bright deposits initially. Filterbestor C-75 should' be 
used on thc filter pads rather than the comma* used 
)diatomaceous earth filter aids. Occasionally, optiTum 
results are obtainable only after the bath has '&en in 
operation from three to five days. 

f 
, 

CONVERSION Of MISTING BATHS 

Most existing silver baths can be converted to the 
Silver-Lume process. Occasionally, however, such baths 
r q u i r e  special trcatmcnt, e.&, a purification with acti- 
vated carbon to rcmove undesirable organic impurities. 
Old baths that are high in sodium salts (espcci+ly so- 
dium carbonate) my require incrcascd concentrations of 
both, Silver-Lume Brightener A and Brightener B ini- 
tially, followed by aging for several days, in order to ob- 
tain a wide and uniform bright rangc. With high sodium 
baths, a light, oily film may be formed on the surface 
of the bath after the brighteners have been added; This 
is not harmful. After thc aging IS described above, this 
blm can bC removed by filtration. carbonate' removal 
with calcium nitrate is often beneficial. (Approximately 
1.7 ounces of calcium nitrate crystals [G(NO,),.4HiO] 
will removc I ounce of potassium carbonate). Silver- 
h e  both should be nuintaincd only with potorrirrm 
v i d e  and not with rodirm cyanide, as potassium salts 
have a favorable influence on the bright current density 
range whereas sodium salts in high concentrations exert 
a salting-out effect on the brighteners. When convert. 
ing from sodium to potassium solutions, it is usuall~ 
desirable to add 12 to 14 ounces per gallon of potas- 

. 

sium nitrate. It is suggested that whcnevcr it is desired 
to convert a solution already in use, a sample consisting 
of not less than one full quart should be sent to the 
service laboratory of M&T Chemicals lnc., 100 Church 
Street, Matawan, New Jecsey 07747, so that specific in- 
structions for converting the solution can be provided. 

EFFECTS OF CONSTITUENTS 

Although the composition of the Silver-Lume 
solution is by no means critical, it is advisable to main- 
tain the silver metal and free cyanide content reason- 
ably close to the optimum values previously given. 

Sllver Cycmlde 

This compound furnishes the silver ions to the 
solution. The silver content should be held at, or above, 
4.5 ounces per gallon. A higher silver content, e.&, 6 
ounces per gallon, permits higher current densities to 
k used. Further additions of silver cyanide are needed 
only occasionally, to compensate for drag-out losses,. 
providing the anode arcl  is sufficient. 

POta88lUXXb C y d d e  
The free potassium cyanide content should be held 

as near to 12 ot/gd. as possible at normal silver con. 
centrations, because this is an important factor in main- 
taining proper operating conditions. If the free cyanide 
falls too low, the bright plating range contracts and the 
deposits low some of their normal brilliance. An excess 
of free cyanide is not harmful but obviously wasteful. 
Do no& UK rodivm cyanide for maintenance. 

Potorslum Cmbonate 

As in all cyanide solutions, the carbonate content 
Bradually builds up considerably above the starting - . 
value. Experience indicates that there is no sharp critical 
limit, but over 14 oz/gat., cloudiness may be evident 
in low current density 1 m s .  

Silver-Lune Brightener A 

This is the dominant factor in producing bright 
deposits. Silvcr-Lume Brightener A is not complctcly 
soluble in water but is soluble in alkaline solutions. It 
is best dissolved in a solution of potassium hydroxidc 
(10.5 ounces per gallon) in the proportion of t ounce of 
Brightener A per 8 fluid ounces of the caustic potash 
solution. Allowing the solution to stand overnight i s  
helpful in producing a clearer solution. 7'he brightener 
stock solution should be made up so it will be consumcd 
within one week. Direct oddhion to the bath o/ Silver- 
Lumr Brightener A, witboirt pior ' nrrrtratitntion with 
potorrirrm hydroxide, mrui be avoided. A considerable 
excess of potassium hydroxide above the amount re. 
quired for neutralization of the Silver-Lume Brightener A 

1-2 . . .  . . . .  
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opmnrrc CONDIT~ONS 

Cunent Density 

The ,Silver-Lumc process may be operatcd over a 
wide ridbe of currcnt dcnsitics and gives fu l ly  bright 
deposits at current densities higher than those used in 
most silver plating opcrations. The permissible Current 
density depends principally on thc metal content. the 
temperature, and the degree of agitation. High metal . 
content, high temperature, and vigorous agitation per- 
mit the maximuin current to be used. Of these, tempera- 
ture is perhaps the most important factor. Specific 
current dcndty rrcommcndrtionr are aivcn In Table I, 
at right. The relationship between current density and 
thickness of deposit is shown in Table 11, below. 

ten,!\ to j~rocltirc rnt l iy  dcpsi ts  O& the low currcnt 
tlcntily arc.is. 

Silver-Lumc Ilriglitcncr A is replenished on the 
hasis of i l i t l l  Ccll or cquivdcnt plating tests. Additions, 
rcquircd will be bctwccn 2 and 8 ounces per 100 gal: 
Ions of solution pcr wcck. Small additions at frequent 
intcrvrls are prcfcrrcd to larger additions at one time. ' 

Toxicoloql(-Induslriol Hygiene 

Silver-Lumc Driglitcncr A may cause systemic cf. 
k t s  if taken ititernally and care should be taken to avoid 
rcrldcntd rwrllowing, n t i r  product hrr brcn found to 
be irritating to the skin and eyes and it is advisable to 
take appropriate mcasures to protect workmen ,from 
rye and skin contact. The use of respirators, protective 
clothing, chcmical goggles, and rubber gloves by work- 
men handling this material i s  recommended. 

Silver-Lumc Brightener A tends to d& and this 
dust has b a n  found to be irritating to d e  respiratoq 
system as well as t o  the skin and eyes. . 

Suqgorlod mat ASd 

In  the cvcnt of c j e  contact, flush ouh eyes thorough- 
. ly with water for 1) minutes. T h i s  is best dohe by means 

of a continuously dowing stream of watei :directed into 
the open eyes. A physician should then.&e, consulted. 
In the case of skin contact, remove contaminate4 cloth- 
in6 and drench the skin rhoroughly witli'Yiter for 10 
to 15 minuter. bntamitlrted dothing should be laun- 
dercd bcforc re-use. 4 -  

I f  Silver-Lumc Brightener A is accidentally swrl- 
lowed, a physician should be consulted immediately. 

' 

: .'d 

SSlver-Lume Brightener B 
This is an auxiliary addition agent wbjch enhances 

the eff ect of Silver-Lume Brightener A.- Silver-Lume 
Brightener B is remarkably %table and apparently is lost 
only through drag-out. Therefore, it should be replea- 
irhcd when the Hull Cell results indicate the need for 
additions. An cxccu of Brightener B produces deposits 
that are hazy in low current density areas. Like Bright- 
mer A, Brightener B is added only on the basis of plat- 
ing tests (with Hull GI1 or equivalent). Conditions of 
operation vary so widely that an exact rcplacemcnt 
figure cannot be given; however, it is suggested that the 
quantity rqui rcd  will not be over one fluid ounce ( a p  

When either Silver-Lume Brighteners A or B are 
first added, plating tests n u d e  immediately after the 
additions are not representative of the raults after the 
solutidn has aged. Allow the solution to stand overnight 
(12 hours) before making final judgment of the effect Of 
such additions. 

. proximately 30 ml.) per 106 gallons p r  week. 

Temperature 

me temperature may viry from room temperature 
(preferably not under 7OOF) u p  to  120°F. T h e  main 
consideration in choosing a working temperature is the 
. a r r en t  density one wishes to employ u shown in 
Table 1. 

TABU I 
Temp. Range (OF) CD. (mu. ASF) 

70 to 7S 10 

80 to 8s 15 

95 to 100 3s 

115 to 120 60 

.. 

The foregoing values apply specifically to a rolution 
containing 4.5 oz/gal. of rilver and moderate cathode 
d e r  agitation. A higher silver content and more 
vigorous agitation permit even higher current denrikes. 

pX Level 

A freshly prepared Silver-Lume solution will have 
I pH (electromctric) of approximately 12.1. Although 
this factor is not critical, it  is suggested that the pH be 
maintained between 11.0 and 12.5. pH changes within 
this range have little effect, but at  values above 123, 
milky deposits may appear in the low current dmsitf 
k e a s .  

The pH can be lowered by cautious addition of 
potassium bicarbonate. 

CAUTIONi Some hy&oeyadc add fumes may 
bo released by thio treatment AVOID 
BREATHING FUMES. Use adequate 
reaUlation rbco hydrocycmlc a$d 
fumer cue Pammable. ...*'. 

(over) 
&.,T! ' 
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n k l i n c s s  
(inch) 

0.000 1 
0.0002 
0.0003 
0.0004 
0.0005 
0.OOOG 
0.0007 0 

0.0008 
0.0009 
0.001 
0.062 

.r He&g 
The solution may be heated by m a n s  of a stainless 

steel coil (type 304, 316, 347, Carpenter 20) Karbate 
immersion heater. If a metal coil is used, it should be 
placed bctween the anodes and the side wa!l of the tank 
and should not extend beyond the anodes either at the 
sides or at the bottom of the tank. It shdutd be placed 
so that it is electrially shielded by the anodes. 

Agitation 
Relative motion bctween work to be"pl;ted and 

the Silver-Lume solution is beneficial, especially when 
high current densities are used. Sufficient a)iiation is 
obtained in most cues  by cathode rockcr'motion or 
even by the normal motion in a conveyor. For more 
vigorous agitation and maximum speed of plating, 
propeller agitation or submerged solution circulation 
is recommended. Because of foaming, air-agitation can- 
not be used. . 
Filtration 

The importance of keeping the solution free from 
suspended matter can hardly be over emphasized if 
bright deposits, free from roughness at all times, are 
to be obtained. Where the solution is not vigorously 
agitated so tSat suspended matter i s  given an opportu- 
nity to settle to the bottom of the tank. periodic fil- 
tration ,will suffice. The dltcr should be stainless steel 
ot covered with a suitable Coating; the pump should 
be of stainless steel. 

Anoder 

.ci : 
e. . 

4 

- <  

Silver anodes of best quality should be used. In 
general, there is no difference in the behavior of the 
anodes in this solution and in the ordinary silver 
plating so1ut;on. I t  should be noted that a large: anode 
area may be required, and replacement made more Ire- 
quently, when operating at the higher current densi- 
ties possible with the Silver-Lume process. 

Vrrdrmrrk of M&T Chemicrls tnc. 

h p c r e s  per Square Foot 
5 10 20 30 40 50 60 

7 :24 3 :42 1 :51 1 :14 0 : S G  0 $5 0 :37 
14 :48 7 :24 3 :12 2 :28 1 3 1  1 :29 1 : I4  
22:12 11 :OG 5 :33 3 :42 2 :47 2:13 1 3 1  
29:36 .14 :48 7 :24 4 :5G 3 :42 2 5 8  2 :28 
37 :oo 18 30  9:15 6 : l O  4 :38 3 :42 3:OS , 

44 :24 22:12 11 :M 7 :24 1 3 3  4 :26 3 :42 
ai:4a as :54 I2 :57 8 :3a . 6:29 1:11 4:19 
S9:lZ 29 :36 14 :48 9 5 2  7 :24 5 5 s  4 :5G 

74 :oo 37 :oo 18 :30 12:20 9:15 7 :24 6: lO 
66:36 33:18 16:39 11 :06 8 :20 6 :40 5 3 3  

148 :00 74 :oo 37 :oo 24 :40 18 :30 14 :48 12 :20 

Anode Bags and Dlaphragmr 
Keeping the solution clean is important. The  use 

of either anode bags or diaphragm boxes around the 
anodes i s  an essential step in preventing insoluble matter 
from the anodes entering the solution. Anode bags 
or diaphragms should be made of nylon N W  synthetic 
fabric. A simple anode diaphragm box to take care 
of all the anodes on one anode bar or a group of 
such anodes is preferred to separate anode bags. An 
anode box can be constructed from welded Vi'' steel 
rod insulated with Unichrome. Rack Coatings Super 
218-x or 218-X, Unichrome Tape 705, or Wrap-Rax+ 
Tap, all available from M&T. The entire frame is 
encased in a bag made of the nylon NW material. So 
that the anodes do  not come into contact with the fabric, 
and to permit good solution circulation within the 
box, it is suggested that the box be two inches wide 
with the length and depth se!ectcd to accommodate 
the length and number of anodes. 

Anode-Cathode Spaclng 

The distance between the anodes and the work 
is governed by the sire and shape of the pieces to be 
plated. Recommendations regarding this spacing for 
specific articles will be made on rquesr. 

Rack 

Work rack, should be sturdily made with thick 
enough cross sections to carry the current to all parts 
without excessive hating. At higher current densitla 
specially, care must be excercircd to make sure that 
dl contacts handle their proper share of the current. 

* Racks should be coated with a good rack insulating 
material such as Unichrome R3ck Coatings Super 218.X 
or 218-?<, Unichrorne Tape 705, or Wrap-Rax Tape, all 
available from hl&T. 
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- ran!:n 
1.inccJ (c.g., vinyl or rulhcr) tanks arc rccornmcnd. 

cd. S:ccl tanks a r c  not rccomrncndcd bccause the build. 
up of fcrrocyanidc in the solution will lowcr the cur. e 

rent cficicncy. Linings used for the Silver-Lume procar 
should bc of a ~ y p c  approvcd by hf&T. 

Walor 
Exceptionally hard watcr should not be used for 

make-up or replenishment h c e  calcium and magnesium 
salts may prccipitrtc out and cause rough deposits. 

,Watcr dcionizcd by trcatmcnt with ion exchange resins 
should bo used only after wat8r-rolublo matter in tho 
rcsin has bccn cxtractcd. This precaution is aecessaq 
only with a newa resin bcd. After one or more 're. 
generations there is no further danger of picking up 
dclctcrious impurities. 

-&I 
As bright silver deposits are not usually buffed, it 

ir dcsirable to rinse and dry in a manner that will not 
cause staining. A rinse aid added to the h a \  hot water 
rinse may be helpful. 

SIRKE SOLUTION 1 -  
Preparation of articles for plating ,in ihc Silver- 

Lume procc%s is thc same as preparation ror'ordinary 
rilver plating. A silvcr strike is rccommen&d,. prior to 
plating with the Silver-Lune process. * . . 

Q . ...a \ 

A strike bath may be made up as follow;: 
Silver cyanide 0.4 to 0.6 oz/gat; 
Potassium cyanide 11.0 to 14.0 ovgal. 

Because of the relatively high free cyanide carried 
in the Silver-Lume bath, many users have reported that 
the customary strike a n  be eliminated. Although it 
it acknowledged that satisfactory adhesiort. has bccn 
obtained on a considerablc amount of work processed 
in this manner, it is nevertheless a safer proccdurc to 
use a strike. Dcu in mind, however, chat the minimum 
&8&8 0d-rimc rbould br nnployed in rbr rMikr for 
brighreu final dcporits. Where the suike has bcen op- 
eratcd at 5 to G volts for 15 to 25 seconds in a non. 
bright bath, it is suggested that o n l y w t s  bc uscd 
f g  8 to 12 seconds in preparation for plating with the 
Silvcr4,ume process. 

IMPURITES AND THRR REMOVAL 
All chemicals uscd should be of good quality. 

Evcn so, some purification may be necessary when the 
solution is first made up and further purification may 
prove neccssary from time to time as impurities IC- 
Cumulate. Some types of impurities are most effectively 
removed by treatment with an ' approved grade of 
activated carbon, Activated carbon treatment partially 
rcmovcs the brighteners. After carbon treatment, the 
brighteners m u t  be replenished. 
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BARREL PLATIXG WTTX SILVER-LUME 
The Silvcr-Lume process is uscd cxtcnsively for 

bulk p l d n g  by the barrel method. In  gcncral, the same 
composition is used as in still plating, though some- 
times with a lowcr metal concentration in the interest 
of economy. 

The voltage employed varies bctween 4 and S 
volts with standard horizontal cylinders. In  many 
cases, a preliminary strike has not bccn found to be 
necessary although this should be checked with the 
prticular surfaces being plated. 

ACTNATmG SILVER-LUME DEPOSITS 

Silver-Lwae deposits, as indicated by their tar- 
nish-resistant prapcrties, are slightly passive and should 
be activated prior to subsequent plating operations. 

When mechanical polishing and buffing operations 
are not used, the surface can be activated by dipping 
for 1 to 2 minutes in a 6 oz/gal. solution of potassium 
hydroxide, or by cathodic treatment for 30 to 60 
wconds in 3 t o  4 oz/gal. solution of potassium 
cyanide. 

ANALYTICAL PROCEDURES 

The following procedures are reproduced from 
"Simple Methods for Analyzing Plating Solutions," 
available from H&T. 

Methods for making and standardizing the solutions 
for these procedures can be found in any good t a t  
on quantitative analysis. T h e  coded solutions can be 
purchased in Convenient quantities from M&T Chemi- 
cdr fnc. 

SM-7: Carboaat. in C y d d o  Solutions 

1. Pipette a 10 ml. sample into a 250 ml. bcaker. 
2. Add with a graduate 106 ml. of distilled water. 
3. Heat the contents of the beaker and add, while 

stirring, 25 ml. of AR-23 (barium nitrate). Allow 
the precipitate t o  settle and add a few more drops 
of AR-23 to make sure the precipitation is complete. 

4. Using filter papcr and a funnel, filter the contents 
of the beaker, and thoroughly wash the beaker 
and filter three times with hot distilled water, 
collecting the dear  filtrate and washings in a 
clean beaker or Erlenmeyer flask. Save this fil- 
trate if free cyanide is to be determined by Test 

9. Place the filter paper and precipitate in the orig- 
inal beaker and add about 50 ml. of distilled water 
and 5 drops of AR-24 (methyl orange indicator). 

6. Fill a 50 ml. burette with AR-25 (IN hydrochloric 
acid) rod titrate, stirring constantly, until a per.' 
manent pink color ir obtained. 

. SM-11. 
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7, RI..I~! tile I).I:C::C. T!K ml. ui Art-25 used, multi- 
p!ictl !y (1 7 :  ;;ivcs otinccs of sodium carbonate, 
or rnci1lip:iltl !y 0.73 gives OUnCCS of potassium 
carbonate, Ijcr ;;,\!Ion of plating solution. 

SM-11: Frco Cycmido ln Cyanldo Solutions 
NOTE: This tcst is not applicable to cadmium 

and zinc qan idc  solutions. 
1. Perform stcps 1, 2, 3 and 4 of Test Shf-7, Car- 

bonate in Cyanide solutions. 
2. To thc filtrate and washings from Step I, add with 

a graduate 5 ml. of AR-14 (potassium iodide). 
8, Fill a 90 nil. burcltc wlth An06 (O.1N illvcr nltrrto) 

and titrate until a faint yellowish turbidity remains 
while stirring or swirling. 
Read the burette. The ml. of AR-6 used, multiplied 
by 0.131 gives ounces of sodium cyanide, or multi- 
plied by 0.174 gives ounces of potassium cyanide, 

. .  

4. 

. 

SM.14: Silver In Silver Cyanlde Solutiom 

. per gallon of plating solution. , 

1, 
2. 

Pipette a 10 ml. sample into a 250 ml:.bcaker. 
Add 50 ml. of distilled water and warm. 

3. 
4. 

5. 

6. 

7. 

8. 

9. 

IO. 

11. 

Add 20 ml. of AR-36 (sodium sulfide). 

Stir the warm solution for a few 'minutes to 
coagulate the brown precipitate. 

Filter through paper and wash with hot water. 

Fold the paper containing the prccipitate and 
transfer it to a 250 ml..Erlcnmcycr flask. 
Add 5 ml. of AR-I8 (nitric acid) and boil under 
a hood. 
Moisten the p a p  with about 2 or 3 ml. of water, 
from time to, time as ncassary, until the brown 
prctlpltrtr hni been dlriolvod find no more brown. 
fumes are evolved. - 
Add 50 ml. of distilled water and about 2 d. of' 
AR-37 (ferric alum). 
Fill a 50 ml. burette with AR-38 (O.1N sodium 
thiocyanate). and titrate the solution until a faint 
red color remains khi le  shaking. 
Read the burette. The ml. of AR-38 used, multi- 
plied by 0.144 gives the avoirdupois ounces of 
silver per gallon of plating solution. 



OPERATING COhiIRONS FOiZ PLAli?NG TESTS 

S:rntl.ird I lu l l  Ccll 267 ml. Capacity Timc 10 minute 
Room Tcrnpcraturc 80° F. 
Total Current One Ampcre 

Agitation 
Anode 
Gthode 

None 
Silver 
Polished brass panel. silver- 

Voltage Approx. 1.G to 2.0 Volts flashed. 

HULL CELL PANEL (Full Scale) 

1.0 Ampcre Total Current 

40 ; ?, 1s 10 4 2  
Ampcrcs/Sq. Pc. 

. .._. . 
1D?I TO FOLLOWING CHARTS - .  - 

Bright 0. 
Burnt 
RW6h, 
Powdery 

1-1 Pitted Semi-Bright .. 
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SILVER-LUME PROCESS-PLATING TESTS 

With Balanced Silver, Free Cymldo, und Carbonate ConcentraUon 

Noma1 Deposit 
with optimum Brightener A and Brightener B conckurtioo. 

High Brightener A, Normal B Concenention' 

Low Brightener A, N o d  D Concentration 
Remedy: Add Brightener A in increments of H fonnulr uuouo 

Normml Brightener A, Low Brightener B 
Remedy: Add Brightener B in incrcmentr of 1/3 formula mou 

Norma! Brightener A, High Brightener B 
Rcmcdy: Incrmsed igitation or activrtcd carbon treatment 

High pH, Normal A, Normal B 
Remedy: Add p0r;luium bicarbonate to lower pH. 1 

I 
I- 8 
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SILVEil-LUME PiiOCEsS-PMTIXG TESTS 
With Unbalcmcod Silvor, Normal Fro0 Cycmido, and Ccpbonato Coacentrdon 

I &w Silver &tent, Normal A and Normal B Concentration 
Rmwdy:’Adjurt m a d  contcnt to formula. . 

1 
Higher SiIvu Content, N o r d  A rod Nom1 B COnccntntionI 

Low Frcc Potassium Cyanide Content, 
N o d  A and Normal B Concentration. 

h e d y :  Adjust to formula, 

OF IMPURITIES 

a; and Pcppct Effect: Normal A and B Conccnt:ation . Remedy: Filtration and electrolysis. 

. . .  
I 

. .  . .  
. , I  

.’: . . ‘, . .. 
/ *  . ... . . .  

High sodium Ion Concentration, Normal A and B Concentration 
Runcdy: Add 8 to 16 oz/gal. potassium a i k t c .  

1-9 



IMPURITIES 

High Sodium Carbonate Concentration, 
Normal A and B Conccntration 

Remedy: Calcium nitrate PIUS activated carbo? trcament. 

Inorganic Impurities, Normal A and D Cowcntmtian 
Remedy: Low currcnt dcnsity clcctrolysis. . 

i Light Suspcndcd Particles, Normal A and B Conccntration H a 7  Solid Particles, Normal A und D Cuncc.iitr.ctict~ 
I . 6 '  -I Remedy: Filtration through Filtcrbcrtos. Remedy: Simple filtration. - 

~ Okt of Potassium Nitrate on Mixed Sodium and Potassium Batis, 
Normal A and B Concentration 

Remedy: Usually not noticcable during normil plating. Simple 

I- 10 
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APPENDIX I1 

SOLAR CELL INTERCONNECTIONS 
PROCESS SPEC IFICATION 

1. INTRODUCTION 

1.1 SCOPE 

This  document d e s c r i b e s  t h e  processes  and techniques which E lec t ro -  

O p t i c a l  Systems, Inc.  (EOS) uses  t o  i n t e rconnec t  wraparound s o l a r  c e l l s  

by s i l v e r  e l ec t ro fo rming .  

1 . 2  REFERENCE DOCUMENTS 

1.2.1 EOS Mandrel Drawing 81-12056 

1 . 2 . 2  M and T Chemicals, Sheet No. P-Ag-SL (Appendix I of t h i s  

document) S i l v e r  Lume Bright S i l v e r  P l a t i n g  Process  

2. REQUIREMENTS 

2 . 1  S o l a r  C e l l s  

2 . 1 . 1  S o l a r  c e l l s  s h a l l  b e  of t h e  wraparound type wi th  a maximum 

p i c t u r e  frame width of 5 m i l s .  

2.1.2 Each ce l l  must pass  a t a p e  t e s t  t o  v e r i f y  adhesion of t h e  

s i n t e r e d  s i l v e r - t i t a n i u m  con tac t  t o  t h e  ce l l .  

2.1.2.1 The tape test  s h a l l  be performed by p r e s s i n g  Scotch t a p e  u n t i l  t h e  

t ape  i s  c l e a r  ove r  t h e  N and P c o n t a c t s  and then p u l l i n g  t ape  f r e e  

a t  a r a t e  of 2 t o  5 inches p e r  minute i n  a c o n t r o l l e d  manner. 
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2.1.2.2 The c e l l  s h a l l  be determined s u i t a b l e  f o r  e l ec t ro fo rming  i f  

t h e r e  i s  no r e s i d u a l  s i l v e r  on t h e  t a p e  a f t e r  removal. 

2.2 PROCESS SOLUTIONS 

2 .2 .1  The e l ec t ro fo rm b a t h  used s h a l l  be M and T Chemicals Bright  

S i l v e r  P l a t i n g  Process prepared pe r  M and T Chemicals d a t a  s h e e t  

P-Ag- SL. 

2.2.2 A c t i v a t i n g  s o l u t i o n  s h a l l  be used pe r  M and T'Xhemicals d a t a  

s h e e t  P-Ag-SL. 

2 .2 .3  S i l v e r  s t r i k e  s o l u t i o n  s h a l l  b e  used p e r  M and T Chemicals d a t a  

s h e e t  P-Ag- SL e 

3 .  PROCESSING 

3.1 ACTIVATION AND SILVER STRIKE 

3.1.1 Thoroughly c l e a n  a l l  s i n g l e - c e l l  p l a t i n g  f i x t u r e  p i e c e s  w i t h  

Amway Indus t roc l ean  and deionized wa te r ,  and assemble c e l l  i n t o  

f i x t u r e  f o r  a c t i v a t i o n  and s i l v e r  s t r i k e .  Care should be used 

i n  t i g h t e n i n g  cover screws, a s  o v e r t i g h t e n i n g  can damage t h e  

e l e c t r i c a l  c o n t a c t s  i n  the cover. 

3.1.2 P lace  s t a i n l e s s  s t e e l  anode i n  a c t i v a t i n g  s o l u t i o n  (paragraph 

2 . 2 . 2 ) .  

3.1.3 Attach p o s i t i v e  lead ' f rom dc power supply t o  the  s t a i n l e s s  s t ee l  

anode and nega t ive  lead t o  the s i n g l e - c e l l  p l a t i n g  f i x t u r e .  
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3.1.4 Place p l a t i n g  f i x t u r e  i n  a c t i v a t i o n  s o l u t i o n ,  f a c i n g  s t a i n l e s s  

s t e e l  anode, and app ly  c u r r e n t  f o r  60 seconds a t  4.0 v o l t s .  

3 .1 .5  Remove f i x t u r e  from a c t i v a t i o n  s o l u t i o n  and immediately p l a c e  

i n  s i l v e r  s t r i k e  s o l u t i o n  (paragraph 2.2.3). Apply  a d i r e c t  

c u r r e n t  of 30 mA f o r  30 seconds. 

3 .1 .6  Remove from s i l v e r  s t r i k e  s o l u t i o n  and r i n s e  i n  deionized wa te r .  

3 . 1 . 7  Remove c e l l  from s i n g l e - c e l l  mandrel and r epea t  paragraphs 

3.1.1 t o  3.1.6 u n t i l  a l l  c e l l s  t h a t  a r e  t o  be in t e rconnec ted  

a r e  completed. 

3 .2  ELECTROFORMING 

3 .2 .1  Wash f o u r - c e l l  cover and mandrel w i t h  nonionic d e t e r g e n t  o r  

Amway c l e a n e r ,  scrubbing w i t h  s o f t  s h o r t - b r i s t l e  brush. Rinse 

i n  d i s t i l l e d  water  and d ry .  Avoid l i n t  from towe l s ,  c l o t h ,  e t c .  

3.2.2 Clean e l ec t r i ca l  c o n t a c t  wire i n  cover of f o u r - c e l l  mandrel 

t o  i n s u r e  c o n t a c t  t o  s o l a r  c e l l .  

3.2.3 I n s p e c t  c e l l s  w i t h  e y e  loop f o r  any evidence o f  roughness. I f  

roughness i s  p r e s e n t ,  it i s  necessary t o  remove it so t h e  b e s t  

p o s s i b l e  f i t  between t h e  mandrel s u r f a c e  and t h e  c e l l  edge can 

be ob ta ined .  

3.2.4 C a r e f u l l y  p l a c e  fou r  a c t i v a t e d  c e l l s  i n  t h e  p l a t i n g  mandrel and 

i n s t a l l  cover. Care should be taken t o  minimize gapping. 

I n s t a l l  mandrel cover .  

3.2.5 Mask screws and e l e c t r i c a l  connect ions,  a s  r equ i r ed .  
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3 -2 .6  Place  f l a t  s i l v e r  anode in  e lec t roforming  ba th  (paragraph 2.2.1) 

and a t t a c h  p o s i t i v e  lead  from dc power supply.  

3 . 2 . 7  Attach nega t ive  l ead  of  dc power supply t o  p l a t i n g  mandrel, 

and p l ace  mandrel i n  ba th .  

3 .2 .8  Electroform in t e rconnec t ion  f o r  3 hours  a t  a c u r r e n t  d e n s i t y  o f  

10 ianp/ft2 ( 2 1  mA f o r  f o u r - c e l l  mandrel) .  

3 .2 .9  Remove from e lec t ro fo rming  b a t h ;  r i n s e  mandrel and anode with 

deionized water.  

3.2.10 C a r e f u l l y  disassemble mandrel and remove f o u r - c e l l  module; s t o r e  

i n  p l a s t i c  box. 

3.2.11 Clean p l a t i n g  mandrel and box w i t h  Amway c l e a n e r  f o r  subsequent 

use.  
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